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BEHAVIOR OF ADULT HUMAN SKIN IN ORGAN CULTURE
II. EFFECTS OF CELLOPHANE TAPE STRIPPING, TEMPERATURE,
OXYGEN TENSION, pH AND SERUM*
EVE P. REAVEN, PuB. AND ALVIN J. COX, M.D.
In several recent reports, successful in vitro
cultivation of adult human skin has been de-
scribed (1, 2, 3, 4, 5, 6, 7). Although the
techniques and conditions used vary from one
laboratory to another, it is clear that adult
human skin, like its fetal counterpart, has
the capacity to survive for some days in
vitro, and under favorable conditions Will
continue to grow and differentiate.
The potential usefulness of an in vitro
model of this kind to dermatologie research
is obvious. It represents an isolated system
With a metabolic potential more closely re-
lated to normal adult skin than is encoun-
tered in the highly reactive organ cultures
of fetal skin or in epidermal cell cultures,
where the normal growth-restraining mecha-
nisms do not prevail. Ideally, it represents a
system in which the environment can be
entirely controlled, making possible an evalua-
tion of the effect of various stimuli and sup-
plemental substances in the growth medium.
Morphologieally, it provides a model upon
which to test hypotheses of epidermal growth
and eornification.
The limitations of this technique depend
wholly upon the in vitro behavior and
capabilities of the tissue itself, which, to our
knowledge, have not been fully defined. The
effect of nutrients and growth factors on short
term animal skin cultures, described by
Bullough (8), Gelfant (9, 10) and Cruiekshank
(11), are not directly applicable to human
adult skin surviving for a week or longer in
culture. Our aim in this report has been to
supplement the information that is already
available, and to define the in vitro behavior
of adult human skin under a standard set
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of culture conditions, after controlled environ-
mental changes, and after certain alterations
to the tissue itself.
MATERIALS AND METHODS
Specimens of skin were obtained at autopsy
from the abdominal wall of cadavers less than 12
hours after death or from breast skin of individuals
undergoing mastectomy because of carcinoma.
When possible, skin was also obtained from nor-
mal-appearing parts of amputated limbs. The
donors were of either sex, and ranged from 20 to
80 years of age. During the three years in which
this study was in progress, explants were success-
fully grown in vitro from approximately 200 differ-
ent specimens of skin.
In general, the skin specimens were prepared,
cultured and harvested as described previously
(2). A major aim has been to study the stimula-
tory effect produced by cellophane tape stripping
of excised normal skin, so tbe in vitro behavior of
"stripped" and "unstripped" specimens has been
compared under a variety of circumstances. For
purposes of this report, "stripped" skin refers to
excised skin specimens which were prepared as
follows: the specimen was stretched and pinned to
a board dermis side down and 25 successive pieces
of cellophane tape were pressed firmly against the
epidermal surface and then were stripped away. A
slice, 0.4 mm thick, was then removed from the
surface with a keratotome and was cut into square
explants 3—5 mm broad. "Unstripped" skin refers to
specimens subj eeted to the same manipulations,
exclusive of the stripping itself.
The explants under standard conditions were
grown at 37° C. in Eagle's minimum essential
medium enriched with 1% L-glutamine, and 10%
calf serum. Penicillin 0 (200 U/ml) and strepto-
myein sulfate (100 eg/ml) were routinely added.
A mixture of air (20% O) and enough CO, (ap-
proximately 5%) to maintain the pH of the
growth medium at 7.1 to 7.2 was circulated through
the humidified incubator.
The behavior of the skin in culture was eval-
uated by the histologic appearance of the ex-
plants and by the mitotie activity of the explants
at the time of harvesting. To insure sufficient
mitotie figures for reliable counting, 0.05 g yin-
blastine sulfate (VLB)* was added per ml culture
medium twenty-four hours before harvesting. All
prophases and C-type metaphases were counted.
118
* VLB = vinblastine sulfate (Velban) obtained
from Eli Lilly Co., Indianapolis.
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Postmetaphase ngures were extremely rare. The
arrested metaphase figure resembled the colchicine
metaphase in that the chromosomes retained a
prophase orientation and were often delineated
from the cell membrane by a clear zone (Fig. 2A).
In explants treated with VLB for 24 bours, there
were always a few degenerated cells with dense
eosinophilic cytoplasm and pyknotic nuclei. Al-
though these cells appeared to be degenerating
cells arrested in metaphase, their nuclear configura-
tion was uncertain and they were not counted as
cells in mitosis.
The mitotic activity of the cultures was not
confined to any given layer. Although the ma-jority of mitotic figures could be found in the
basal and suprabasal cells, in all cultures and par-
ticularly in those showing stimulation, a few
mitotic figures could be found throughout the
Malpighian layer. In assessing mitotie activity,
therefore, it was necessary to consider all Mal-
pighian cells short of those containing kerato-
hyalin granules as the germinal cell population.
Mitotie figures were expressed per 2 mm length
of epidermis in sections 6 microns thick. In each
harvesting, five explants of the same skin specimen
grown under identical circumstances were fixed,
embedded, and sectioned together. Three repre-
sentative sections of each group were selected and
2 mm lengths of epidermis away from the edge of
the explants were outlined on each with the aid
of a calibrated microscopical eyepiece. All mitotic
figures within the defined zones were counted, and
the counts were averaged to provide a single value
for each group. Comparisons were often made by
using multiple groups of explants from the same
skin specimen growing under a variety of condi-
tions.
In order to assess the effect that VLB itself
may have on cultured skin, mitotic figures were
counted in many control specimens not treated
with VLB. Results on paired explants of specimens
harvested daily indicated that the time-dependent
mitotic patterns were qualitatively similar in VLB
and non-VLB samples.
As an additional check on the effect of VLB,
certain paired cultures (see section on effect of
oxygen) were labeled with tritiated thymidine. In
such instances, 0.5 5C TdrSH* (6.7C/mmole) were
added per ml. of culture medium. Radioautographs
were prepared according to the method of Kopriwa
and Leblond (12). The slides were exposed for two
weeks at 40 C, developed photographically and
stained with hematoxylin. The number of cells
entering mitosis (as indicated by metaphase arrest)
was compared with the number of cells synthe-
sizing DNA (as indicated by Tdr3H labeling) dur-
ing identical 24-hour intervals.
Additives to the growth medium of selected
cultures were as follows: 1) Vitamin A Acid (trans-
retinoic acid), Eastman Kodak Co., was used as a
sonicated suspension in flanks balanced salt solu-
* Tdr3fl thymidine-methyl-118 obtained from
New England Nuclear Chemicals, Boston.
tion. Its final concentration in the growth medium
ranged from 5—50 cg/ml. 2) Testosterone propio-
nate obtained from Sigma Chemical Co., St.
Louis, was used as a sonieated suspension or in an
ethanolie solution. Final concentration of testos-
terone ranged from 5—100 cg/ml growth medium.
Final concentration of alcohol in the growth
medium was less than one percent. 3) Cortisol
was obtained from Sigma Chemical Co., St. Louis.
Aliquots of a saturated ethanolic solution were
used. Final concentration of eortisol in the growth
medium ranged from 60—120 tg/ml. Final concen-
tration of ethaool in the growth medium was less
than one percent. 4) Ectodermal growth factor, a
gift from Dr. R. Greenberg, Pediatrics Depart-
ment, Stanford, was prepared from mouse sub-
maxillary gland according to the method of Cohen
(13). The extract, (earboxymethyl cellulose frac-
tion 2-b, containing 0.14 mg protein/ml) when in-jected into newborn mice elicited precocious tooth
eruption and eyelid separation, as described by
Cohen (13). The final concentration of this protein
in growth medium ranged from 0.1 to 10 tg/ml.
5) Homogenates were prepared from stripped
skin growing for 24 hours under standard condi-
tions. Aliquots containing 10 mg. wet wt. skin/ml
growth medium (equivalent to 0.14 mg dry wt.
epidermis) were added to the growth medium of
unstripped explants of the same skin specimen 24
hours after explantation. 6) Homogenates of un-
stripped skin (10 mg. wet skin/mi growth medium)
were added to stripped explants of the same speci-
men from which the homogenate was prepared at
the time of planting.
RESULTS AND DISCUSSION
Reoctions of Stripped and Unstripped Skin
to Standard Culture Conditions
During the first few days of culture, the
epidermal cells of unstripped specimens grown
under standard conditions often increased in
size and gave the impression that the epi-
dermis had increased in thickness. The actual
number of cell layers did not increase ap-
preciably, however. After the 4th or 5th day
of culture, the most superficial cpidermal cells
(keratohyalin granule-containing cells) dif-
ferentiated into a parakeratotic layer, leav-
ing fewer Malpighian cells beneath the origi-
nal stratum corneum than had existed in the
uncultured control. The differentiation of
Malpighian cells into a cornified layer pro-
gressed with time (Fig. 1A, 1B) and, al-
though the rate varied considerably with
individual specimens, many of the cultures
were composed of only 2 or 3 disorganized
cell layers after S—b days of growth (Fig.
1B). Epidermal cell outgrowth at the margins
FIGS. 1 ro 3
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of the explants was variable. Although some
specimens exhibited complete epiboly, the
majority showed only a short tongue of epi-
derinal cells projecting around the free sides
of the explant. The differentiation of these
outgrowth cells was quite unlike that of the
major portion of the culture which progressed
in a vertical direction. The appearance and
the mitotie activity of the outgrowth cells
has not been further considered in this re-
port. Some pyknotie nuclei of connective
tissue cells were scattered throughout the
dermis, but, for the most part, the dermal
cells were similar to those of unplanted con-
trol specimens.
Stripped explants usually survived for as
long as two weeks, although in occasional
specimens the growth was poor for unknown
reasons and survival was shorter. During the
culture period, the epidermis changed char-
acter as detailed in an earlier report (2).
By the second day, the basal cells often as-
sumed a tall cuboidal shape and lined up in
a row along the basement membrane. The de-
gree of organization exhibited at this time
was variable, however, and certain explants
which ultimately showed the greatest mitotie
activity did not present the best organized
appearance. Between three and four days, the
number of cell layers often increased by one
or two, but rarely more (Fig. 2A). At four
days, in a medium of appropriate pH (7.4—
7.5) keratohyalin granules were formed (Fig.
3A). In all stripped cultures of this age, a
thin layer of newly formed cornified cells was
now seen at the surface. With time, differen-
tiation of cells into stratum corneum in-
creased at the expense of the number of re-
maining Malpighian cells. In cultures destined
to survive for two weeks, differentiation pro-
ceeded slowly with the number of Malpighian
cell layers remaining relatively stationary
while an increasingly thick layer of cornified
cells appeared on the surface (Fig. 2B, 3B).
In other cultures, responding adversely to the
culture conditions, differentiation of the
epidermis occurred more rapidly, often being
complete by 7 days. The newly formed stratum
eorneum often appeared swollen and retained
some nuclear ghosts to give an appearance
similar, but not identical, to that of parakera-
tosis in vivo (Figs. 2B, 3B).
Figure 4 shows the daily mitotic rate of
stripped and unstripped cultures through the
first 7 days of culture. The mitotic rate is
expressed as the number of mitotic figures
accumulated per 2 mm length of skin during
the preceding 24 hour period. In unstripped
cultures, the overall mitotic activity re-
mained low and fairly steady throughout the
7-day culture period. In stripped cultures, the
number of accumulated metaphase figures be-
tween the 24—48 hour period was low, but
increased dramatically during the next 24
hours. This new rate of mitosis showed a
decline after the 4th day and a lower level
of activity was maintained throughout the
life of the culture. No mitotic figures were
seen in connective tissue cells.
There is a limit to the precision with
which the location of the peaks of mitotic
activity can be identified in our specimens
given a 24 hour pulse of VLB, inasmuch as
there were differences of up to 5 hours in the
time of day when specimens were obtained
and these were not exactly balanced by cor-
responding differences in the time of day
when harvesting occurred. Accordingly, the
mitotic peak of stripped explants illustrated
by Figure 4 is relatively broad. Precisely
timed 8 hour harvestings (Table I), however,
indicate that the peak of mitotic activity
shows a slight shift to the right as compared
to in vivo data by Pinkus (14), Williams
Fm. 1. (A) Ijnstripped adult human skin grown in culture 3 days under standard
conditions. (X 410) (B) Unstripped adult human skin grown in culture 10 days under
standard conditions. Note parakeratotie layer under original stratum eorneum. (X 410)
Fio. 2. (A) Stripped adult human skin grown in culture for 4 days under standard
conditions. Note mitotic figures arrested in metaphase by vinblastine. (X 410) (B) Stripped
adult human skin grown S days under standard conditions. Note the relative thickness of
the stratum eorneum and thinning of the stratum Malpighii as compared to 4 day sample
in Fig. 2A. (X 410)
Fm. 3. (A) Stripped adult human skin grown in culture 4 days at pH 7.5. Note stratum
granulosum and compare with explant from same skin specimen (Fig. 2A) grown at pH
7.1 under standard conditions. (X 410) (B) Same specimen as Fig. 2A, 2B, and 3A, grown
S days at pH 7.5. Note the stratum granulosum and compare with Fig. 2B, grown for the
same interval at pH 7.1. (X 410)
Fia. 4. Daily mitotic rate of stripped and
djtjons. (24 hour viublastine pulse)
(15), and others (16, 17), but falls within
the range of 55 13 hours described by
Sullivan and Epstein (18) following epidermal
wounding by razor cuts. Table I also shows
that in many cases the daily mitotic rate as
calculated from observations at three succes-
sive 8 hour intervals was higher than the
value obtained from a single 24 hour VLB
pulse covering the same time period. It was
possible to interpret this observation in a
number of ways: cells could he released from
metaphase during the 24 hour period and re-
enter the mitotic pool before being counted;
8 hr mitotic rates 48—72
Specimen
48—56 56—64 64—72
Corn-
bined 8
hr rates
Single24 hr
rates
A 13.0 26.0 41.0 80.0 73.0
B 27.0 58.0 18.0 103.0 73.0
C 0.5 6.5 13.5 20.5 20.0
D 11.5 21.5 17.0 50.0 39.0
E 7.0 11.5 30.0 48.5 58.0
F 12.0 18.0 17.0 47.0 25.0
Mean 11.8 23.6 22.8 58.2 48.0
* Expressed as mitotic figures accumulated per
time per 2 mm length of epidermis 6 microns
thick.
unstripped skin grown under standard con-
VLB could be toxic during the extended treat-
ment and prevent cells from entering into
metaphase; or arrested metaphase figures oc-
curring early in the 24 hour period could
have degenerated by harvesting time, with
consequent exclusion from the counting. On
the basis of several reports (19, 29, 21) the
last possibility was considered most likely.
Furthermore, if all degenerating cells with
pyknotic nuclei and dense eosinophilic cyto-
plasm normally not counted in these prepara-
tions were added to the actual number of
mitotic figures counted, the final values ob-
tained from the two techniques were much
more in accord. It is also clear from Table I
that mitosis in the first measured 8 hour
segment (48—56 hrs.) was considerably less
frequent than that in the two subsequent 8
hour intervals. Further observations have
shown that the mitotic rate usually remained
high for an additional 8 hour interval (72
to 80 hrs. after planting).
Thus, this study has shown that the overall
in vitro epidermal mitotic response to strip-
ping is very similar to the in vivo response
(14, 15, 16, 17); namely, the appearance of a
dramatic but transient burst of mitotic
activity some three days after the stripping
procedure.
The height of the response varied among
specimens and, in part, was related to the
amount of stripping, to which the epidermal
mitotic rate of any given specimen was
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roughly proportional. Even loss of cells of the
stratum granulosum as a result of 35—45 strip-
pings did not prevent active growth; indeed,
such cultures showed the maximal mitotic re-
spouse.
Effect of Altered Culture Conditions
on Growth of Skin
Effect of tern peroture. In stripped explants
grown at 37° C a partially synchronous wave
of mitotic activity occurred between the 2nd
and 4th day of culture; at 31—32° C a similar
wave occurred between the 9th and 14th days
(Fig. 5). At the lower temperature, the wave
was shorter and relatively flattened as com-
pared to its counterpart at 37° C. As de-
termined by a planimeter, the areas under
these curves were not substantially different.
Differentiation of the epidermis proceeded
more slowly at 31—32°, but, except for an un-
usual amount of parakeratosis, followed the
pattern of explants growing at 37° C. Mortal-
ity for the long-term cultures was greatly
increased by microbial contamination, and
although healthy 20—21 day specimens were
sometimes seen, they were relatively rare.
This effect of lowered culture temperature
is not surprising since in many cell systems
in culture, the G 1 phase, if not all parts
of the generation cycle, is lengthened by
chilling (22). In the stripped skin explanted
in our series, the wave of mitosis seen at
3 1—32° C quite likely represents a retarded
wave that would have occurred earlier at 37°.
Chilling the skin specimens before cultiva-
tion did not modify mitotic response. Autopsy
specimens which were at refrigerator tempera-
tures for as long as 12 hours prior to culture
did not have a noticeably different mitotie
pattern from surgically removed specimens
planted while they were still warm.
Explants from all specimens cultured at
40° C, or higher, died within 24 hours.
Effect of oxygen. Oxygen tension within the
incubators was increased by adding oxygen to
the air-CO2 mixture, and was decreased by
replacing air with nitrogen. Internally placed
oxygen electrodes registered the final incubator
oxygen levels.
The oxygen tension supporting maximal
mitotic activity of both stripped and un-
stripped cultures was found to be 40%. The
epidermal mitotic rate fell off on both sides
of this point, the decline being precipitous
beyond the 50% level for stripped cultures and
more gradual for unstripped cultures. The
adverse effect of less than standard oxygen
percentages (i.e. <20%) was apparent earlier
on unstripped than on stripped cultures.
Figure 6 shows that between 2 and 3 days of
culture, the mitotic rate of stripped cultures
doubled at 40% oxygen as compared to the
standard 20% oxygen, and that unstripped
cultures showed an average increase of 15-
fold under similar conditions.
Although unstripped skin responded most
dramatically to this increase in oxygen, it
should be noted that its mitotic turnover in
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Fie. 5. Effect of lowered temperature on the daily mitotie rate of stripped adult human
skin in culture. (24 hour vinblastine pulse)
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40% oxygen was no greater than the average
mitotie rate of stripped skin under standard
conditions. This lesser influence of oxygen
upon stripped skin may be attributed to the
possibility that stripped skin was already
stimulated to nearly its maximum growth
capacity by the stripping procedure. On the
other hand, as a result of stratum corneum re-
moval through stripping, the penetration of
oxygen through the epidermal surface may
have been increased, and near maximum stim-
ulating capacity of oxygen may have been
approached under standard conditions. In such
a situation, further provision of oxygen at
40% concentration would not produce as
much stimulation in stripped as in unstripped
epidermis.
During periods of increased mitotic activ-
ity under increased oxygen tension, the epi-
dermis of stripped cultures often showed
some disorganization and an unusual amount
of cellular debris. rrhat of unstripped ex-
plants contained enlarged cells as well as
many mitotie figures. Figures 7A,B,C,D, in-
dicate that the Tdr8H labeling of explants
growing under different oxygen tensions agrees
with the YLE data. In both stripped and
unstripped explants, 40% oxygen increased
the number of cells labeled with Tdr°H; this
increase was most dramatically displayed in
unstripped cultures.
Effect of pH. Aliquots of a stock solution
of growth medium were titrated with HCl or
NaHCO2 until the desired pH was obtained
after equilibration with the standard air/CO2
mixture. Under otherwise standard conditions,
stripped cultures grown at pH 6.9, 7.1 or 7.5
showed similar mitotie rates on days 3, 4, and
7. Furthermore, these pH differences did not
alter the mitotie patterns of cultures growing
at 31° or at 40% oxygen. At pH 7.8 or above,
all explants died within 24 hours. The most
noticeable effect of pH change, within the
tolerated range, was the tendency of the cul-
tures to form keratohyalin granules when the
pH was shifted to pH 7.4 or 7.5 (Figure 3A,
3B). This effect was not noticed in every
specimen, hut occurred in the majority of
explants grown at pH 7.4—7.5, despite reduced
temperatures or increased oxygen tension.
In bringing the growth medimn to pH 7.5
with bicarbonate ion, the osmolality of the
solution increased from 300 milliosmoles to
355 milliosmoles. This change by itself did
80
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oxygen tension
FIG. 6. Effect of increased oxygen tension (40% oxygen as compared to 20% oxygen of
air) on the mitotie rate of 3-day cultures of stripped and unstripped skin. (24 hour yin-
blastine pulse)
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Fcc. 7. (A) Explant of unstripped human adult skin grown 3 days in culture at 20%
oxygen (standard conditions). 24 hour vinblastine pulse. (X 410) (B) Radioautograph of
unstripped skin, as in 7A, given 24 hour pulse of Tdr3ll prior to harvesting. Silver grains in
dermis are contamination due to non-specific reducing substances in growth medium. 0<
410) (C) Explant of unstripped human adult skin grown 3 days in culture with 40% oxygen.
Note frequency of vinblastine-arrested mitotic figures as compared to Fig. 7A which is an
explant of same skin specimen grown under standard conditions. (X 410) (D) Radio-
autograph of unstripped skin cultured as in 7C, but given 24 hour Tdr3H pulse. Compare
with explant 7B grown under standard conditions. (X 410)
not precipitate keratohyalin granules. On the
other hand, explants growing in a solution
kept isomolar but made alkaline (pH 7.5)
with 0.3M NaOH, did form keratohyalin
granules as in growth medium brought to pH
7.5 with bicarbonate ion. This suggests that
the appearance of keratohyalin granules was
a pH effect.
Effect of Serum and Various Additives to
Growth Medium. In many in vitro systems it
baa been necessary to supplement "complete"
growth media with aliquots of serum in order
to obtain desirable tissue growth (23, 3). At
the same time, serum adds to the medium a
number of unknown factors which makes eval-
uation of additives difficult. In the organ cul-
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TABLE II
Effect of various additives on organ cultures* of human skin
Additives Concentration range per ml.
medium
Number of
skin donors Prior stripping Effert
Calf serum 0.1—0.3 (10—30%) 20 + or — None
Vitamin A acid 5—50 jig 5 + or — Excessive parakeratosis
Testosterone propionate 5—100 jig 5 + or — None
Ectodermal growth fae- 0.1—10 pg 5 + or — Moderate increase in
tor mitotie rate
Cortisol 60—120 pg 5 + Reduced mitotie rate
Homogenate of stripped 10 mg 5 — None
skin
Homogenate of un- 10 mg 5 + None
stripped skin
* Explants comprising this series were grown under standard conditions without serum.
tures of skin described here, the addition of
serum was not necessary for maintenance of
mitotie activity or differentiation of stripped
or unstripped explants.
In an effort to make use of this feature,
we supplemented the serum-free medium of
certain cultures with a number of substances
which had been shown to affect the growth
and/or differentiation of epidermal tissues
in vivo and in vitro (24, 25, 26, 27, 28, 29).
Table 2 describes the conditions under which
these agents were used. Test substances were
added to the medium at the onset of the
experiment, and except for homogenates of
stripped explants (as described under
Methods) were replenished only as the me-
dium itself was renewed every two to three
days. Solvents for the test substances were
used in concentrations found to be without
effect on the growth of cultures. Every series
included control explants grown in medium
containing only the solvent as an additive.
Ectodermal growth factor at dose levels of
0.1 pg/ml medium usually produced a moderate
increase in mitotic figures in cultures of
unstripped skin. All cultures grown in the
presence of higher concentrations of this
factor showed toxic effects, most prominent
of which was an early cleavage between api-
darmal and dermal borders.
Cortisol (120 ,ttg/ml) usually reduced the
epidermal mitotic count of stripped and un-
stripped explants resulting in smaller cells
and a thinner-than-normal epidermis after 3
to 4 days in culture. Smaller doses had no
effect.
Exaggerated parakeratosis appeared to be a
non-specific reaction of the cultures to ad-
verse conditions in general, and all cultures
treated with marginal toxic concentrations of
the above factors showed some increase in
parakeratosis. However, stripped and un-
stripped cultures grown in the presence of
Vitamin A acid, often produced exceptionally
thick formations of parakeratotic stratum
cornaum even when the living portions of
the epidermis continued to show a fair num-
ber of cell divisions (Fig. S A,B). This com-
bination of factors suggested that parakerato-
sis formation associated with this agent may
be a specific reaction in the sense of Bern
and Lawrence (30) who postulated a series of
responses of keratinizing epithelia, including
tho formation of parakeratosis, to different
dose levels of vitamin A.
Finally, no effect was seen from the addi-
tion of testosterone or homogenates of stripped
and unstripped skin to the cultures.
SUMMARY
Adult human skin under the standard con-
ditions of this study survives and maintains
an organized appearance up to 14 days in
vitro. Untreated skin shows a low but steady
rate of cell division through the first week of
culture. Skin specimens which are stripped
with cellophane tape prior to cultivation but
after excision, show a transient but striking
increase in mitotic activity three to four days
after planting; this is similar to the itt vivo
response to stripping.
Lowered temperature retards the mitotic
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Fie. S. (A) Stripped adult human skin grown 4 days under standard culture conditions.(24 hour vinbiastine pulse) (X 410) (B) Comparable explant from same skin as in 8A,
grown for 4 days in presence of 50 ug/ml vitamin A acid (trans-retinoie acid). Note forma-
tion of thick parakeratotic crust. Although the Malpighian zone is thinner than in the
control, (Fig. bA), mitotic activity remains high. (x332)
response; 40% oxygen dramatically increases
the mitotie rate; and a slight alkaline shift
of pH of the growth medium from 7.1 to
7.5, although without effect on the mitotie
activity of the cultures, induces the continual
production of keratohyalin granules.
Both stripped and unstripped skin can be
successfully maintained in a completely syn-
thetic culture medium. Such preparations are
useful for testing the effects of hormones,
growth factors and other substances without
unknown influences from constituents of
serum. Preliminary studies have been made
with testosterone, eetodermal growth factor, vi-
tamin A, eortisol, and homogenates of previ-
ously stripped or unstripped skin.
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